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2 OUTLINE 

Å Problem statement 

Å ICT and Adaptivity 

Å Service adaptivity in the GAMES EU project 

Å Future research 
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Focus on ICT  

 

Problem statement 

- Make a more energy efficient use of resources 

 

 

 -  ICT and software as energy consumer 

 

 +  Green software to enable energy efficiency in many domains   

 (Smart World paradigm) 

 

 

 

Problem statement 
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Energy 

Reductions 

enabled by ICT 

Energy 

Consumption 

of ICT solutions 
~8% of total electricity consumption 

~15% by 2020 

Sources : Pickavet & all (UGent - IBBT)  Source : An ICT policy agenda to 2015 for Europe (Swedish Presidency)  

4 

European Commission 

DG Information Society 

and Media, Unit H4 
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ÅAreas of research on ICT and impact on the environment 
 

  - IS as consumers of power 
   infrastructure:  
   office equipment, data centers, service centers 
   Green IT (Green IS - Sustainable computing)  
 
  - IS to support awareness and control of  energy 

efficiency 
   buildings, cities, water,  
   electricity gridé 
   Green IS (IS for Green) 
 
  - combined approaches (holistic view) 
 
  

Green Information Systems 

B. Pernici, Politecnico di 

Milano 

11/7/2011 
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6 Sustainable computing 

Tradeoffs  

 

 performance 

 reliability 

 energy consumption 

 

Several efforts to make data centers and services more efficient 

 

NOT always a tradeoff! 
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7 7 A classical view - Energy consumption in data centers 

IBM, 2008 

Indicator: Power Usage Effectiveness  

PUE = total facility power / IT equipment power 
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A more general approach 

Å Consider all components in a data center as services 

Á Including applications as Service-based components 

 

Å Assess their energy efficiancy 

 

Å Adaptive approaches 
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Assessment - Service-oriented approaches to 

infrastructure 

An example 

 

Cloud service models 

Å - Software as a service 

Å - Storage as a service 

Å - Processing as a service 
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J. Balica et al., Green cloud computing: balancing energy in processing, storage, and transport,  

Proc. of the IEEE, vol. 99 (1), Jan. 2011 
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Assessment - Measuring software: an example 
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Eugenio Capra, C. Francalanci, Sandra A. Slaughter, Measuring Application Software 

Energy Efficiency, IT Pro, in press 
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Are Servers used in an energy-efficient way? 

 Switch on/off / stand by servers/cores when needed 

 Workload context/energy-aware (dynamic) allocation  

Is the CPU (or other resources) scarcely used? 

 Virtualization and Consolidation 

 reconfiguration of virtual machines  

 changing P-states dynamically 

     task migration 

And for the storage?  

 Switch on/off / stand by disks 

 data migration 

 Slow down disk access (acoustic modes) 

Applications 

 renegotiate quality 

      renegotiate (or adapt dynamically) functionality 

      Resource Allocation  

 Service substitution / static or dynamic 

 Process reengineering  

 

 

 

  

 

Service Center energy efficiency:  

How is it possible to improve it? 

Applications 

and services 

B. Pernici, Politecnico di 

Milano 
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WHAT IS NEEDED 

Å - Green Performance Indicators (GPI) 

 

ÅEg usage indicators instead of device oriented indicators 

(considering full load) 

 D. Chen, et al. , Usage Centric Green Performance Indicators, 

GreenMetrics workshop, San Jose, CA, June 2011 

 

 

Å - divide and conquer approaches 

 

Å - strategies 
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GPIs ï State of Industry  

ÅU.S Environmental Protection Agency (EPA) 

Á ENERGY STAR focus on server, storage,  UPS  

specifications 

 

ÅThe Green Grid (http://www.thegreengrid.org/) 

ÁIntroduced PUE 

ÁFocus on data center 

 

ÅThe Storage Networking Industry Association (SNIA) 

 

ÅThe Standard Performance Evaluation Corporation (SPEC)  

ÁSPECvirt_sc2010 (virtualization in the data center) with 

power metrics 
B. Pernici, Politecnico di Milano 
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Å GAMES: Green active management of energy in 
service centres 

Å FP7 EU Project 

Å Goal: Energy efficiency 

Å Consortium 
Å Engineering Ingegneria Informatica (I)  

Å University Politecnico di Milano (I) 

Å University University of Stuttgart (D) 

Å University Technical University of Cluj-Napoca (Romania)  

Å IBM Haifa Energy-aware storage management 

Å christmann informationstechnik + medien GmbH & Co. KG (D, SME)   

Å EnergoEco (Romania)  

Å EnelSI (I) 

 

http://www.green-datacenters.eu/ 
 

B. Pernici, Politecnico di Milano 
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Å From applications to infrastructure and back 

 

 

 

 

Energy-efficient service 

centers 

annotations  

Applications Infrastructure 

B. Pernici, Politecnico di 
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ÅGoals: 

ÁEnergy efficiency 

 

ÅApproach 

ÁBased on adaptive services  

ÁAt infrastructure, middleware, and application level 

 

 

The Games Project approach 
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Adaptive service life cycle 

Di Nitto et al., in Service Research Challenges and Solutions 

for the Future Internet, LNCS, 2010, (S-CUBE book) 
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 Monitor and Measure 

 

  GPIs Assessmet 

 

   Control and adapt 

 

   Evolve 

Approach for adaptation and  

evolution for green service centers 

B. Pernici, Politecnico di 
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Ålayered GPIs reflecting different abstractions of 
the energy-efficiency at varying levels, namely 
ÁIT Resource Usage GPIs 
ÅFocusing on the (low-level) resource consumption (e.g., 

CPU, Memory, Storage, ... Usage) 

ÁApplication Lifecycle KPIs 
ÅDo not directly measure the ñgreenessò of an IT service 

centre 

ÅQoS for application 

ÁEnergy Impact GPIs 
ÅImpact of the IT service centre on the environment 

ÅTaking into account power supply, consumed materials, 
emissions. 

ÁOrganisational Factors GPIs 
ÅTaking into account high level (administrative) decisions  

ÅRelate the according impact (e.g., hardware costs) to the 
corresponding, (potential) energy savings 

Layered GPI Definition 11/7/2011 
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GAMES GPI Interrelation 

Kipp, Future Generation Computer Systems, 2011 

11/7/2011 
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GAMES architecture 

21  
SMAU 2011 - 20/10/2011 

Run- me	Adapta on	Controllers	

Design- me	
Tool	
Enviroment	

Infrastructure	layer	

Middleware	layer	

Applica on	layer	

Applica on	Container	

GAMES-enabled	Applica on	

T5.1ςT6.1		Infrastructure	Access	Module	

																			IT	Infrastructure	

Facili es	
(Cooling,	Hea ng,	Χ)	

Sensors	

Monitoring 

tools 

Data 

Mining 

Tools 

Data	Storage	

Knowledge	
Base	
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Adaptation approaches 

Å Continuous improvement 

ÁOptimizing in a given context 

ÁEvaluating improvement over time (also redesign) 

 

Å Reactive approach 

ÁDriven by violations of indicators  

22 
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Energy-aware adaptation: 

Global and local loops 

May. 24, 2011      23 
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ÅSelecting relevant GPIs/KPIs 

ÅSelecting which values have to be monitored 

ÅApplications profiling 

ÅSelecting which are the actions to be prepared at design 

time 

ÁBased on goals 

ÁConstraints 

ÁFeasibility 

ÁAvailable environment 

Designing for adaptation 11/7/2011 
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Process Annotations 
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ID Name Formula 

GPI1 EA-Application Performance 

GPI2 CPU usage 

GPI3 Storage usage 

GPI4 IOPS/Watt 

GPI5 Memory Usage 

QoS1 Response time 

Application Scenario 
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